Materials and measurements:
All starting materials were used as received from commercial sources unless otherwise indicated. Solvents were purified by standard procedures. 2-methylbenzothiazole, methyl iodide, 4- 
1% (v/v). High resolution mass spectrometer (HRMS) was recorded on a Thermo
Finnigan MAT95XP spectrometer (USA). The quoted m/z values represented the major peaks in the isotopic distribution. Microanalysis of elements (C, H, S, and N) was carried out using an Elemental Vario EL CHNS analyzer (Germany). Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance III 400/500/600 MHz spectrometer (Germany). Shifts were referenced relative to the internal solvent signals.
High-performed liquid chromatography (HPLC) were recorded on a LCMS-2020 (Shimadzu). UV/Vis spectra were recorded on a Varian Cary 300 spectrophotometer (USA). Steady-state emission spectra and lifetime measurements were conducted on a combined fluorescence lifetime and steady state spectrometer FLS 920 (Edinburgh Instruments Ltd, England). Cell imaging experiments were carried out on a confocal microscope (LSM 720 with Airyscan, ZEISS, Germany). Flow cytometric analysis was done using a BD FACS Calibur™ flow cytometer (Becton Dickinson, USA).
Synthesis and Characterization:
As shown in Scheme S1 (ESI), 2-methyl-N-methylbenzothiazolinium iodide (S1): S1 was obtained by 2-methyl-benzothiazole and methyl iodide under 40 o C with ethanol as solvent. [1] 4-(Bis(4-bromophenyl)amino)benzaldehyde (S2): 4-formyltriphenylamine (5.46 g, 0.2 mol) was dissolved in dry THF (50 mL). NBS (N-bromosuccinimide) (9.26 g, 56 mmol, 2.6 eq.) was added in two times at room temperature, the whole process was carried out in nitrogen atmosphere. The mixture was stired for 1 hour at room temperature and then heated to reflux for 10 hours. The completion of the reaction was monitored by TLC.
The solvent was then evaporated and excessive dichloromethane was added to the residue. The solid was filtered and washed with dichloromethane. The filtrate was washed with a 20% Na2CO3 aqueous solution and with water. The organic phase was dried with anhydrous sodium sulfate, filtered, and the solvent was removed by rotary evaporation. The residue was purified by column chromatography over silica gel (petroleum ether/chloroform, 1 : 2) to give S2 (7.4 g, 87 %). 1 Crystallographic data and details of data collection and structure refinements are listed in Table S1 . Selected bond distances and angles are listed in Table S2 -S3. The structural plots were drawn using the xp package in SHELXL at a 30% thermal ellipsoids probability level. NMR experiments. All NMR experiments were performed on the Bruker AVIII 400/600 MHz spectrometers. PBS contained 8 mM Na2HPO4, 1 mM KH2PO4, 137 mM NaCl, and 3 mM KCl (pH = 7.4) in D2O/H2O (v/v 1:9) were used to prepare DNA samples.
Measurements of absorption and emission spectra:
The final concentrations of DNA samples were 0.1-2.5 mM. 2D NMR experiments were collected at different temperatures of 5°C in H2O and D2O solutions. The mixing times of NOESY were set from 50-300 ms. Peak assignments and integrations were made using Sparky (UCSF). WATERGATE or presaturation water suppression techniques were used for water NMR samples.
Structure preparation and molecular docking: The 3D structure of the DNA-ligand complex was downloaded from RCSB Protein Data Bank (PDB code: 1QSX) and prepared with the default structure preparation workflow in Schrodinger fix issues like missing atoms and/or non-standard atom names, etc. After that, the original ligand was replaced by our target compounds with the use of the glide docking algorithm.
The protonation state of the DNA and the orientation of the hydrogens were optimized by Schordinger, at the pH of 7 and temperature of 300 K. Glide docking 8
was used for docking ligands (including the substrate and the product) to the DNA system following the "induced fit" protocol. The docked poses were ranked by XP scoring and different binding modes are chosen artificially for the following MD simulations. Eventually, 4 substrate-DNA complexes and 4 product-DNA complexes were selected for the next MD simulations.
The ligand-DNA complex was then neutralized by adding sodium/chlorine counter ions, and solvated in a cuboid box of TIP3P [4] water molecules with solvent layers 10 Å between the box edges and solute surface, neutralized by adding sodium/chlorine counter ions. The ligands were first optimized by Gaussian09 package [5] at the level of B3LYP/6-31g*. Then the partial atomic charges were calculated by the restrained electrostatic potential (RESP) [6] charge from the calculation with Gaussian09 package at HF/6-31g* level.
Molecular dynamics simulations:
All MD simulations were performed using AMBER 16. [7, 8] The AMBER GAFF and BSC1 force fields were applied to describe the ligands and DNA system. The whole system was minimized with 10000 steps, then the Langevin thermostat was employed to heat up the system to 300K. [9] After that, the Berenson barostat was used to equilibrate the density. The long time simulations are based on the equilibrated structure. During the simulations, the SHAKE algorithm was used to restrict all covalent bonds involving hydrogen atoms with a time step of 2 fs.
The Particle mesh Ewald (PME) method [10] was employed to treat long-range electrostatic interactions. Totally 100 ns simulations were carried out for each conformation and the trajectories were further analyzed using Cpptraj in Amber16. 
Statistical analysis:
All biological experiments were performed at least twice with triplicates in each experiment. Representative results were depicted in this report and data were presented as means ± standard deviations (SD) with statistical significance.
[11] **P < 0.05, *P < 0.02. 
